Introduction
Tracheal intubation is one of the essential medical procedures. Unrecognised or accidental endobronchial intubation results in hypoventilation and collapse of the non-ventilated lung, barotrauma or pneumothorax in the ventilated lung. [1] Unrecognised oesophageal intubation can lead to severe morbidity like hypoxic brain damage. [2, 3] Therefore, verification of correct positioning of endotracheal tube (ETT) is essential to avoid serious consequences.
Various methods have been described to identify the correct position of ETT viz., intubation under direct vision, [4] inspection of chest wall movements, auscultation of bilateral breath sounds, monitoring of end-tidal carbon dioxide (EtCO 2 ), [5] use of negative pressure devices, fiberoptic bronchoscopy, sonomatic confirmation of
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Original Article tracheal intubation (SCOTI) device and chest X-ray. Among all, though capnography is considered the gold standard [6, 7] it may not be reliable under certain conditions, e.g., endobronchial intubation, poor circulatory perfusion as in cardiac arrest, severe hypotension, [8] pulmonary embolism, severe bronchospasm, poor pulmonary reserve like pleural effusion, pneumothorax and pulmonary malignancy. [8, 9] Prior bag-mask ventilation leading to gastric insufflation, antacid consumption or ingestion of carbonated beverages also may lead to false positive results with capnography. [8] The American College of Emergency Physicians 2005 guidelines recommend that some additional method of confirmation must be performed after placement and before securing the ETT. [3] Ultrasound is a relatively new technique for ETT confirmation. It is non-invasive, portable and serves as a real-time diagnostic tool with rapid and accurate results. Additionally, there is no interference due to ambient environmental noise. [10] The ultrasonographic (USG) images are not affected by low pulmonary blood flow. [6] Three USG methods have been described in the literature for confirmation of ETT position viz., direct visualisation of ETT during intubation (tracheal USG), [2, 5, 6, 8] sliding lung sign (visceral-parietal pleural interface or VPPI) [9] [10] [11] [12] [13] and bilateral diaphragmatic dome movement. [4, 14, 15] Tracheal USG technique can detect oesophageal intubation even before initiating ventilation, thereby preventing unnecessary insufflation of stomach and its associated complications. [5, 6] Lung sliding sign and bilateral diaphragm dome movement methods can additionally detect endobronchial intubation by visualising pleural and hemidiaphragm movements bilaterally, respectively [9, 14] and can thus prevent inadvertent endobronchial intubation which may be missed by conventional methods material.
On extensive literature search, it was found that these three USG methods have never been compared with each other. Therefore, the present study was conducted with the primary objective to evaluate the three USG techniques for their efficacy to detect the tracheal position of ETT in terms of time taken for confirmation of ETT position. The secondary objective of the study was to compare the time taken by USG technique with time taken for auscultation and capnography. As an ancillary observation, ability of USG technique to identify tracheal placement of ETT in all patients and the feasibility of USG to detect accidental oesophageal intubation, if it occurred, was also studied.
Material and Methods
An approval of the procedures followed in this prospective, randomised, observational study was obtained from the institutional ethics committee-human research and were in accordance with the Helsinki Declaration of 1975, as revised in 2000. The protocol of the study was registered prospectively with www.ctri.nic.in. A written informed consent was obtained from all the participants. Ninety American Society of Anesthesiologists (ASA) I or II patients between 18-60 years of age with Mallampati Class I or II airway scheduled to undergo elective surgical procedures requiring general anaesthesia (GA) with endotracheal intubation were included. Pregnant patients, those at risk of pulmonary aspiration or having neck swellings, cervical spine disease, pleural effusion, pneumothorax, intercostal drain in situ and body mass index (BMI) ≥35 kg/m 2 were excluded.
In the pre-operative room, USG scanning was performed with the SonoRite™ USG scanner. A 9.0 MHz linear transducer was used to identify the trachea initially in the longitudinal orientation and then in transverse orientation. Antero-lateral chest wall between 4 th and 6 th intercostal space was scanned bilaterally with 9.0 MHz linear transducer in mid-clavicular line, anterior axillary line and mid-axillary line. A 7.5 MHz linear transducer placed in the sub-xiphoid/subcostal region was used to identify the diaphragm. Skin markings were done at the site of best visualisation of trachea, VPPI and diaphragmatic domes in all the participants.
In the operating room, monitoring in the form of lead II electrocardiography, pulse oximetry, non-invasive blood pressure and side-stream capnography was started. Using a computer-generated random number table, patients were assigned to one of the three groups: group T (tracheal), group P (pleural) or group D (diaphragm) based on the ultrasound technique which was to be timed for identifying endotracheal intubation in addition to auscultation and capnography in all the patients. General anaesthesia was induced with fentanyl 2 µg/kg, propofol 2-3 mg/kg and vecuronium 0.1 mg/kg IV. An ETT of appropriate size was used for tracheal intubation.
Time taken from introduction of ETT to confirmation of placement was recorded with the USG technique (as per group allocation), auscultation and capnography. Four investigators were involved in the conduct of the study. The first investigator performed the intubation, attached the breathing circuit, initiated ventilations and announced the appearance of six regular EtCO 2 waveforms on capnography. The second investigator announced the confirmation of considered significant. Statistical analysis was carried out using the SPSS version 20.
Results
A total of 98 patients were assessed for eligibility. Three of them refused to give consent and five were excluded as per defined exclusion criteria. Ninety patients were randomised and analysed with 30 patients per group [ Figure 1 ]. The demographic profile is shown in Table 1 . All the three groups were statistically similar in terms of mean age, height and gender distribution. The weight and BMI of patients in group D was significantly less than that of group T. Table 2 shows the time taken for confirmation of placement of ETT by USG, auscultation and capnography. The mean time for confirmation with USG was significantly less in group T compared to groups P and D (P < 0.001), whereas time taken for auscultation and capnography was comparable in all the three groups (P = 0.207 and P = 0.827, respectively). Since there was no previous published literature comparing the three USG techniques for their efficacy in terms of the time taken for confirmation of tracheal position of ETT in patients undergoing elective surgical procedures, this study was carried out as a pilot study with 30 patients in each group. Descriptive tables were generated. The time taken for confirmation of tracheal placement of ETT was reported as mean ± standard deviation (SD). The quantitative variables were compared using one-way analysis of variance (ANOVA) followed by post-hoc Tukey's test. A P value <0.05 was On intra-group comparisons [ Table 2 ], tracheal USG was significantly faster than both auscultation and capnography (P < 0.001), whereas pleural and diaphragmatic USG took more time than auscultation (P = 0.014 and P < 0.001, respectively), but less time than capnography (P < 0.001 for both groups). Capnography took significantly longer time than auscultation in all the three groups (P < 0.001).
Trachea was visualised with both longitudinal and transverse USG transducer positions in all the patients [ Table 3 ]. Anterior wall of ETT was seen in longitudinal position of the transducer [ Figure 2a ] and 'comet tail sign' was seen in transverse position in all the patients [ Figure 2b ]. 'Sliding lung sign' was best seen in the mid-clavicular window bilaterally (41.1% patients) [ Table 3 ]. Sliding of VPPI was appreciated bilaterally in all the patients [ Figure 3 ]. Sub-xiphoid window was used to visualise bilateral diaphragm domes in all patients [ Table 3 ]. Figure 4 shows the domes of the diaphragm as they were visualised from the sub-xiphoid window. All the three USG techniques could identify the presence of ETT in the trachea in all patients.
There was no incidence of oesophageal intubation. 
Discussion
In the present study, amongst the USG techniques, tracheal USG took the least time for confirmation of ETT position followed by pleural and diaphragmatic USG. Time taken for ETT confirmation with auscultation was longer than tracheal USG but lesser than pleural and diaphragmatic USG. Capnography took maximum time for confirmation when compared to any of the three USG techniques and auscultation. The characteristic signs of tracheal intubation could be identified in all patients with all three USG techniques. There was no incidence of oesophageal intubation.
We could not locate any study which has measured the time taken for ETT confirmation with diaphragmatic position of the USG transducer. Additionally, in this study, the time taken by USG technique to detect tracheal position of ETT has been compared with that taken for by auscultation and capnography, which has not been done in previous studies.
In the study by Thomas et al. conducted on 100 patients requiring emergency intubation, USG with tracheal transducer position took 8.27 ± 1.54 s to detect ETT position. [16] In another study by Chou et al., the mean time was 14.8 ± 18.7 s and the median time was 9 s. Quantitative waveform capnography took more time with the maximum time difference between USG and capnography being 60 s. [6] Werner et al. demonstrated that tracheal intubation could be easily differentiated from oesophageal intubation by tracheal USG before ventilation was initiated. [5] In our study we could identify tracheal intubation with USG transducer over the trachea before connecting the breathing circuit to ETT and the mean time taken was 3.8 ± 0.9 s. The tracheal USG technique timings of our study were considerably faster than those of Chou et al., [6] but were in close agreement to that of Muslu et al., [17] where the correct positioning could be verified within 3 s. Similar to Chou et al., [6] capnography took the maximum time for confirmation in our study as well. . [11] Marciniak et al., [18] in their study, described the characteristic changes in the paediatric airway for identification of tracheal position of ETT. They could confirm the position of ETT by visualisation of bilateral 'sliding lung sign', however, they did not record the timing for this. We found that confirmation of ETT with pleural 'sliding lung sign' took 12.1 ± 1.6 s, auscultation took 10.6 ± 2.3 s and capnography required 22.3 ± 1.8 s.
There is no previous study which has measured the time taken for ETT confirmation with diaphragmatic position of the USG transducer. We found that bilateral diaphragmatic USG took 13.8 ± 1.7 s. The comparatively longer time taken by the diaphragmatic USG technique may be because diaphragm is a deep structure in the abdomen and its visualisation with USG may be difficult and hence, more time consuming.
It is also of note that the time recording for each of these three techniques was started from the same time point, i.e., introduction of ETT in the oral cavity. Whereas the ETT can be viewed during real-time passage with tracheal position of USG transducer, visualisation of VPPI and bilateral diaphragmatic domes requires that the intubation procedure is complete, breathing circuit is attached and signs of tracheal intubation are identified bilaterally. These also contribute to the longer time taken for VPPI and diaphragmatic methods.
Capnography technique took longest time because the side-stream capnography, used in our study, has an associated rise time depending upon various factors like rotation of the chopper wheel, rate of gas aspiration, volume of aspiration tubing and water traps and dynamic response of infrared filters and other electronics. [19] Drescher et al. [2] have advocated the use of longitudinal transducer orientation over the trachea during the time of intubation. According to them, the transverse orientation of the transducer was better for the visualisation of oesophageal intubation. In accordance with the same, the longitudinal transducer orientation was used for real-time visualisation during the passage of ETT. The transducer was later placed just above the suprasternal notch transversely as described by various other researchers. [3, 6, 17, 18] 'Comet tail sign' [ Figure 2b ] was identified in all patients in the present study. In their study on a cadaver model, Ma et al. found a sensitivity of 97.1% and specificity of 100%. [20] We could identify all the intubations as tracheal with 100% accuracy.
Tracheal USG, though very fast, can identify the presence of ETT in the airway with great accuracy but it cannot differentiate endotracheal from endobronchial intubation as the carina is difficult to visualise. In a previous study, Marciniak et al. performed pleural USG to visualise bilateral VPPI after tracheal imaging to verify the endotracheal position of ETT. [18] Oesophageal intubation has been described as an anechoic circle that appears posterior to the thyroid tissue adjacent to the trachea as ETT enters the oesophagus [5] or as a 'double track sign'. [6] There was no case of oesophageal intubation in our study. In the present study, oesophagus was identified in all the cases as a collapsed cauliflower like round structure lying lateral to the trachea with the transducer positioned transversely at the suprasternal notch.
For visualisation of VPPI, mid-clavicular line gave the best views. Bilateral 'sliding lung sign', as described by Weaver et al., [9] was identified in all patients indicating the endotracheal position of ETT. According to them, absence of this sign on left lung indicates main stem bronchus intubation and bilateral absence signifies oesophageal intubation. In another study also, VPPI visualisation was stated to be a useful technique for identification of right endobronchial tube placement. [10] In studies done in patients requiring emergency intubations in cardiac arrest situations, this technique was found to be accurate for identification of ETT position. [13] In our study also, we could accurately confirm the endotracheal position of ETT on visualisation of bilateral VPPI with ventilation in all patients. However, as there was no case of endobronchial intubation, we did not find unilateral absence of VPPI movements.
To visualise hemidiaphragm of each side, the transducer was placed obliquely in sub-xiphoid window as described by Hsieh et al. [14] and Kerrey et al. [15] Bilateral diaphragmatic movements were visualised in all patients. Both the diaphragmatic domes moved downwards with positive pressure ventilation. Absence or paradoxical movement of diaphragm was not observed in any of our patients.
The present study has certain limitations. It was a single-centre study conducted in a controlled environment. So the results may not be reproducible in patients with difficult airways. As the sites of best visualisation using USG probe were marked pre-operatively, the results of this study may not be applicable to patients undergoing emergency intubations where there is no time to pre-visualise the underlying structures.
To conclude, if there is availability of equipment and expertise to perform and interpret its findings, USG is a rapid technique for identification of ETT placement. Real-time visualisation of tracheal tube with USG transducer placed over the trachea during intubation can be used for confirmation of ETT placement in the airway before initiating ventilation. This is very useful in trauma victims, pregnancy and patients at high risk for aspiration. Bilateral pleural and diaphragmatic USG techniques are comparable with respect to time taken for auscultation and are considerably faster than capnography for confirmation of ETT position.
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